Abstract. This study focused on the formation and growth of intermetallic compound (IMC) layer at the interfaces of pad finishes. The thickness of IMC layer, wetting angle, and defects such as floating IMC and voids formation after as reflow and isothermal aging were discussed. In this study, SAC237 (Sn: 99 wt.%, Ag: 0.3 wt.%, Cu: 0.7wt.%) reinforced with 0.01 wt.% of Multi-Walled Carbon Nanotubes (MWCNTs) were soldered on Electroless Nickel Immersion Gold (ENIG) and Immersion Tin (ImSn) pad finishes. Isothermal aging at 150°C for 400h, 800h, and 1200h were conducted after as reflow process. The IMC layer were analysed using optical microscope with image analyzer. The results shows the thickness of IMC layer for both ENIG and ImSn increased as the isothermal aging period increases. The increament was found from 1.49 µm to 1.73 µm for ENIG and 2.51 µm to 5.49 µm for ImSn. Floating IMC and voids formation were also observed on both pad finishes. Wetting angle for ENIG and ImSn varied from 16.21° to 36.85° and 24.27° to 34.41° respectively.
Introduction
Previously, tin lead (SnPb) solder had been used extensively as solder paste especially in electronic industries due to its higher reliability. However, this solder contain high percentages of lead which is harmful to the environmental and human being. Lead evaporated into the air and become lead vapor causing hazardous environmental burden [1] . Lead free solder is introduced to overcome this problem by replacing the lead with different materials such as silver and copper. Lead free solder such as SAC237, SAC305 and SAC405 are currently studied because of the low melting temperature which is nearer to SnPb, superior mechanical properties and good compatibility [2] - [4] . During soldering, the solder becomes supersaturated when some metals melt and dissolved into molten solder. At this point, intermetallic compound (IMC) layer precipitated at the interfaces of pad finishes. The composition and formation of IMC layer depends on the solder paste used and types of pad finishes. Addition of dopant elements and reactive nanoparticles into solder paste can affect the growth and thickness of the IMC layer [5] . Addition of reinforcements such as Multi-Walled Carbon Nanotubes (MWCNTs) provides the lowest coefficient of diffusion which limits the IMC growth. As mentioned above, the uses of pad finishes also affect the quality of solder joint. There are several types of pad finishes available in the industry. Each pad finishes have its own properties and characteristics in terms of how it affects the solder joint reliability, IMC, and cost [5, 6] . This present study is focused on ENIG and ImSn pad finishes.
Methodology
The composite solder paste examined in this study, SAC237 reinforced with multi-walled carbon nanotubes were supplied by Electronic Packaging Research Society (EPRS) Malaysia. The matrix solder SAC237 with 99 wt.% of Sn, 0.3 wt.% of Ag and 0.7 wt.% of Cu were mixed with 0.01 wt. % of multi-walled carbon nanotubes. After the soldering process on respective surface finishes, each samples were cut into several pieces and placed in Shellab USA 1330FX forced air oven model at 150°C for 400h, 800h, and 1200h. The grinding and polishing were done using Metaserv250 twin model at a rotation rate of 150 to 200 rpm. Images of intermetallic compound layer, floating IMC and void formation were observed using Optical Microscope, OLYMPUS BX51RF model at 20x, 50x, and 100x magnification. The thickness of IMC and wetting angle were measured using image analyzer.
Results and Discussion
Formation of intermetallic compound layer. For the IMC thickness analysis, the data presented in Fig. 1 indicate that both pad finishes shows the increment in thickness of IMC layer. These increment is governed by the dissolution of elements in solid metal surfaces into liquid solder and inter diffusion kinetics that can be thermally accelerated once the IMC layer is formed. However, the formation and growth of IMC on ENIG is much lower than ImSn. The thickness of IMC layer for ENIG increased from 1.49 µm to 1.73 µm and 2.51 µm to 5.49 µm for ImSn. Similar results were also obtained by Choubey et al. where the IMC growth for ENIG is much lower than ImSn, ImAg and OSP pad finishes [7] . This is because the reaction rate of nickel with tin is lower compared to other IMC type formations at higher temperatures. Fig. 2 (a-d) and (e-h) shows the optical microstructure of the selected samples after as reflow and isothermal aging at 150°C for 400h, 800h, and 1200h. Formation of solder bulk, intermetallic compound (IMC), pad finish and copper substrate layer were observed. The IMC formed due to the reaction of copper substrate with molten composite solder paste that precipitated at the interfaces of solder bulk and pad finish layer. Optical micrograph of the floating IMC are shown in Fig. 3 (a-b) . It was found in all samples. The floating IMC formed within the solder bulk of each samples. The results were consistent with previous study reported by Sohn et al. , who concluded that the propensity of IMC spalling increase when reaction time increase [8] . In addition, this phenomenon also occurs when there are differences in density between the reinforcement and the solder matrix. In this situation, the reinforcement will have higher possibility to segregate within the layers. Besides, due to the changes in morphology, copper migration will cause unstable state of the IMC which leads to IMC spalling.
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Voids were also found in this study. Formation of voids were observed within the IMC layer for both pad finishes. This occurs when there are entrapped gas during the process. As reported in Ewald et al., there are two major factors that may cause the formation of voids [9] . These include the temperature profile and the properties of flux used in the solder paste.
Optimized reflow profile can provide better wetting as well as microstructural joint. As shown in Fig. 4 , the measured wetting angle varies from 16.21° to 36.85° for ENIG and 24.27° to 34.41° for ImSn. In actual case, the isothermal aging would not give an effect to the wettability of the solder, these values depends on the volume of solder paste applied during as reflow process. These results are acceptable since the values are in the range of good wetting angle as reported by Kripesh et al. [10] . 
Conclusions
The comparison of the properties of IMC layer formation on ENIG and ImSn after as reflow and isothermal aging at 150°C for 400h, 800h, and 1200h have found that both pad finishes shows the increment in IMC thickness. The highest IMC thickness as reported in this study is on ImSn which increase from 2.51 µm during as reflow process to 5.49 µm for 1200h isothermal aging. Meanwhile, for ENIG, it increased from 1.49 µm to 1.73 µm. Defects formation such as floating of IMC and voids were also found in this study. Floating of IMC was found within the solder bulk layer, whereas, voids were found within the IMC layer. Wetting angle for both surface finish have showed good wettability since the angle were varies in acceptable range from 16.21° to 36.85° for ENIG and 24.27° to 34.41° for ImSn. For the long life applications, ENIG is more preferable than ImSn because a lower IMC thickness is needed for optimum solder joint reliability due to the brittle nature of IMC.
